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To investigate the toxic effects of cheonggukjang (CKJ) manufactured using mixed cultures of Bacillus 
subtilis MC31 and Lactobacillus sakei 383 on the liver and kidney of ICR mice, an alteration on the 
related markers including body weight, organ weight, urine composition, liver pathology and kidney 
pathology were analyzed after oral administration at dosage of 25, 50 and 1 00 mg/kg body weight/day of 
CKJ for 14 days. Any significant toxicity was not observed on the body and organ weight, clinical 
phenotypes, urine parameters and mortality in the CKJ-treated group compared with the vehicle-treated 
group. Also, liver toxicity analysis revealed no significant increase in alkaline phosphatase (ALP), alanine 
aminotransferase (ALT), aspartate aminotransferase (AST) or lactate dehydrogenase (LDH) in response to 
CKJ. Additionally, the specific pathological features induced by most toxic compounds were not observed 
upon liver histological analysis. Furthermore, kidney toxicological analysis revealed that blood urea 
nitrogen (BUN) and the serum creatinine (Cr) levels and pathological features on histological sections did 
not differ significantly between the vehicle- and CKJ-treated groups. Overall, these results suggest that 
CKJ does not induce any specific toxicity in liver and kidney organs of ICR at dose of 100 mg/kg body 
weight/day as no observed adverse effect level (NOAEL). 

Key words: Bacillus subtilis MC31, cheonggukjang, kidney, Lactobacillus sakei 383, liver, toxic effect 

Received 2 January 2014; Revised version received 10 March 2014; Accepted 28 March 2014 



CKJ is produced during the short-term fermentation of 
soybeans using natural microflora such as Bacillus subtilis 
[1,2]. During CKJ fermentation, flavonoid glycosides 
are converted into aglycones by hydrolysis, and many 
proteins are degraded into small peptides and amino 
acids [3,4]. Therefore, the final CKJ product contains 
many enzymes, microorganisms, and bioactive compounds 
that are absent from unfermented soybeans; accordingly, 
it is considered a good source of protein, hydrolyzed 
peptides and lipids [1,2,5]. 

Anti-obesity, anti-diabetic, anti-oxidative, anti-hyper- 
tensive and anti-inflammatory effects of CKJ have been 



investigated by various research groups. The results of 
these studies indicated that CKJ supplementation in 
human subjects significantly reduced visceral fat mass 
andapolipoproteinB/apolipoproteinAl levels [6], while 
C57BL/6J mice exhibiting diet-induced obesity showed 
improvements in body weight, epididymal fat accumu- 
lation, serum total cholesterol, and LDL-cholesterol [7]. 
Furthermore, significant reduction in blood glucose and 
glycosylated hemoglobin levels and improved insulin 
tolerance were observed in C57BL/Ksj-db/db mice, after 
CKJ administration [8,9]. CKJ treatment was also found 
to decrease passive cutaneous anaphylaxis in rat models 
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of type I hypersensitivity and arachidonic acid-induced 
ear edema [10]. Ethanol extracts of CKJ have been shown 
to significantly increase the viability of cultured mice 
spleen and thymus cells by suppressing apoptotic death 
[11]. Additionally, CKJ was reported to induce recovery 
of nerve growth factor (NGF) level and the phosphory- 
lation level of TrkA and Erk in the NGF receptor TrkA 
signaling pathway in Tg2576 mice expressing AD 
phenotypes [12]. CKJ extract may also enhance sensitivity 
of the femur, liver, muscle and epiphyseal growth plate 
in SD rats through enhancement of GH secretion [13]. 
Furthermore, other studies have investigated the toxicity 
of some soybean related products including fermented 
corticated soybean meal (FCSBM), touchi extract (TE), 
and Korea soybean paste (doen-jang) [14-16]. Despite 
the increased attention the therapeutic effects of CKJ 
have received, its toxicity against specific target organs 
of mice have not been investigated to date. Therefore, in 
this study, we investigated the effects of CKJ on several 
toxic indicators of ICR mice following short-term 
treatment. The results show that there is a scientific basis 
for determining the optimal concentration of CKJ as 
functional food for the improvement of human chronic 
diseases. 

Materials and Methods 

Preparation of CKJ sample 

CKJ was prepared as previously described [12,13]. 
The soybean (Daepung strain) used to manufacture CKJ 
was kindly supplied by the National Institute of Crop 
Science in Miryang, Korea, while B. subtilis MC3 1 and 
L. sakei 383 were obtained from the Food Microbiology 
Laboratory at Pusan National University. To manufacture 
CKJ extract, 30 g of soybeans were washed and soaked 
with three volumes of tap water at room temperature for 
12 h. The soybeans were then treated with hot steam at 
12 1°C for 30min and allowed to cool to 40°C, after 
which they were inoculated with 1% (w/w) B. subtilis 
MC31 and L. sakei 383 and fermented for 72 h at 37°C. 
Finally, the fermented soybeans were powdered through 
several steps including freeze-drying, homogenization 
and sifting. The final sample of CKJ extract was stored 
at -75°C until use. 

Analysis of gamma-aminobutyric acid (GABA) 
concentration 

GABA concentration was measured by a spectro- 



photometric assay containing GABase enzyme (Sigma- 
Aldrich, St. Louis, MO, USA) as described by Zhang 
and Bown [17]. First, 0.3 g of lyophilized powder was 
dissolved in 99% ethanol (1.2 mL) for 5 h. The supernatant 
(0.1 mL) was then mixed with 0.4 mL of MeOH and 
completely dried at 70-80°C for 30 min. Next, 70 mM 
LaCl 3 (1 mL) was added and the mixture was shaken for 
10 min. The sample was then centrifuged at 10,000 rpm 
for 5 min, after which the supernatant (0.8 mL) was 
mixed with 0.1 M KOH solution (0.16 mL) for 3-5 min. 
This solution was then further purified by centrifugation 
and filtration for subsequent enzyme reaction. Finally, 
this solution (0.55 mL) of CKJ was dispensed into 
individual cuvettes that each contained 0.2 mL of 0.5 
mM K 4 P 2 0 7 buffer (pH 8.6), 0.15 mL of 4 mM NADP, 
and 0.05 mL of GABase (2 unit/mL). The initial absorbance 
was then read at 340 nm using a spectrophotometer 
(Optizen POP, Mecasys Co., Ltd., Daejeon, Korea), after 
which 0.05 mL of 20 mM a-ketoglutarate was added 
and the samples were incubated at 60 min at room 
temperature, at which time the final absorbance was read 
at the same wavelength. The final concentration of 
GABA was then calculated by comparison of the difference 
between the two absorbances and by comparison with a 
standard curve. 

High performance liquid chromatography (HPLC) 
analysis of CKJ 

The concentration of diadzein and genistein in CKJ 
was measured by dissolving aqueous extract of CKJ in 
50% MeOH at 100 mg/mL while shaking at 200 rpm for 
4 h. Following incubation for 12 h at room temperature, 
the mixture was centrifuged at 3,000 rpm, after which 
the supernatant was harvested, diluted to 25 mg/mL in 
50% MeOH and passed through a syringe filter (0.45 
urn). 

CKJ was analyzed using an iLC 3000 HPLC system 
(Interface Engineering, Seoul, Korea) equipped with a 
Corona* CAD® Detector (ESA Bioscience, Inc., 
Chelmsford, MA, USA). Chromatographic separation 
was performed using a YMC-triart CI 8 column (4.6 mm 
x250 mm, particle size 5 um, Shiseido Co., Ltd., Tokyo, 
Japan). The mobile phase consisted of solvent A (0.1% 
formic acid in deionized water) and solvent B (acetonitrile). 
Samples were subjected to the following gradient elution 
program: 0-30 min, 20-40% of solvent B and 30-45 min, 
40-70% of solvent B. A flow rate of 1.0 mL/min was 
used for the sample analysis and the nebulizer gas was 
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nitrogen. The gas flow rate and pressure were maintained 
at 1.53L/min and 35±2psi, respectively. The output 
signal of the detector was recorded using the Clarity™ 
chromatography software (DataApex, Prague, Czech 
Republic). 

Design of animal experiment 

The animal protocol used in this study was reviewed 
and approved based on the ethical and scientific care 
procedures of the Pusan National University-Institutional 
Animal Care and Use Committee (PNU-IACUC; Approval 
Number PNU-2013-0465). The animals were handled in 
the Pusan National University-Laboratory Animal 
Resources Center accredited by AAALAC International 
(Accredited Unit Number-001525) in accordance with 
the USA NIH guidelines and the Korea Food and Drug 
Administration (KFDA; Accredited Unit Number- 
0023 1) in accordance with the Laboratory Animals Act. 
Female ICR mice were purchased from Samtako (Osan, 
Korea) and provided with standard irradiated chow diet 
(Purina Mills Inc., Seoungnam, Korea) ad libitum. All 
mice were and maintained in a specific pathogen-free 
state under a strict light cycle (12 h light-dark cycle) at 
a temperature of 22±2°C and 50±10% relative humidity. 

Eight-week-old ICR mice (n=40) were assigned to one 
of the following four groups: vehicle-treated group 
(n=10), low dosage CKJ-treated group (n=10), medium 
dosage CKJ-treated group (n=10), and high dosage CKJ- 
treated group (n=10). As a control, one group of ICR 
mice received a comparable volume of daily water via 
gavage (vehicle-treated group), whereas the others received 
25 mg/kg body weight/day of CKJ (low dosage CKJ- 
treated group), 50 mg/kg body weight/day of CKJ 
(medium dosage CKJ-treated group), or 100 mg/kg body 
weight/day of CKJ (high dosage CKJ-treated group) via 
gavage. The concentration of CKJ was determined from 
the results of previous studies which 25-100 mg/kg of 
CKJ administration lead to reducing anaphylaxis, 
increasing memory ability and suppressing asthma [18- 
20]. Also, the administration period for toxicity test was 
citied the Guideline for Drug Toxicity published from 
Korea Food and Drug Administration. After CKJ 
treatment for 14 days, all mice were immediately 
sacrificed using C0 2 gas, after which the urine, blood 
and tissue samples were prepared. 

Measurement of body weight and organ weights 

Clinical signs and the number of animals that died 



were recorded more than twice a day for 14 days. In 
addition, alterations in body weight were observed using 
an electronic balance (Mettler Toledo, Greifensee, 
Switzerland) every day according to the KFDA guidelines. 
Finally, the weights of nine organs (brain, ovary, testis, 
kidney, spleen, liver, thymus, heart and lung) collected 
from the sacrificed mice were determined using the same 
method employed to detect the body weight. 

Urine analysis 

All mice were sacrificed using C0 2 gas at 24 h after 
the final administration, which urine was collected from 
their bladders and assayed for bilirubin, urobilinogen, 
ketones, protein, pH, specific gravity and leucocytes 
with an urine analyzer URiSCAN optima II (Yeongdong 
Electronics Co., Ltd., Yongin, Korea). All assays were 
conducted in triplicate using fresh urine. 

Serum biochemical analysis 

After fasting for 8 h, whole blood of each mouse in all 
groups was collected from their abdominal veins and 
incubated for 30 min at room temperature. Serum was 
then obtained by centrifugation of blood and analyzed 
for ALP, ALT, AST, LDH, BUN, and Cr using an 
Automatic Serum Analyzer (HITACHI 747, Tokyo, 
Japan). All assays were conducted in triplicate using 
fresh serum. 

Histological analysis 

Liver and kidney tissues collected from ICR mice 
were fixed with 10% formalin for 12 h, embedded in 
paraffin wax, and sectioned into 4 um slices. Next, liver 
and kidney sections were stained with hematoxylin and 
eosin (H&E, Sigma-Aldrich), after which pathological 
changes were measured using Leica Application Suite 
(Leica Microsystems, Heerbrugg, Switzerland). 

Statistical analysis 

Significant differences between vehicle- and CKJ- 
treated ICR mice were identified by one-way analysis of 
variance (ANOVA) using SPSS for Windows, Release 
10.10, Standard Version (SPSS Inc., Chicago, IL, USA). 
All values are reported as the mean± standard deviation 
(SD). A P value<0.05 was considered to be significant. 
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Table 1. Composition of main components in CKJ 



Items 



Concentration (mg/g) 



GABA 

Total phenolic compounds 
Total flavonoids 
Daidzein 
Genistein 



0.470 
62.340 
17.780 
0.086 
0.030 



Results 

Composition of main components in CKJ 

To observe the distribution of key components, the 
concentration of GABA, total phenolic compounds and 
total flavonoids, isoflavones (diadzein and genistein) 
were measured in CKJ extracts. As shown in Table 1, the 
concentration of GABA was 0.470 mg/g. Additionally, 
total phenolic compounds and total flavonoids in CKJ 
extract were found to be 62.340 and 17.780 mg/g, 
respectively. Furthermore, the level of the daidzein and 
genistein were 0.086 and 0.030 mg/g, respectively. 
Therefore, these results demonstrate that CKJ extract 
contained high concentrations of GABA and phenolic 
compounds, but low concentrations of isoflavones. 

Effects of CKJ on pathological signs in ICR mice 

To examine the phenotypical toxicity induced by CKJ 
treatment, the clinical phenotypes and mortality were 
observed in ICR mice over 14 days. Mice treated with 
CKJ did not show any significant pathological symptoms 
such as melancholy, hypokinesia, gait abnormality, or 
tremors. Furthermore, no dead mice were observed in 
any CKJ treatment groups (data not shown). These data 
indicate that CKJ does not induce any significant 
changes on pathological symptoms or mortality of ICR 
mice. 
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Figure 1. Alteration of body weights of ICR mice. The weight of 
the whole body was measured daily using an electronic 
balance for 14 days. Data represent the means±SD from three 
replicates. 



Effects of CKJ on body weight and organ weight of ICR 
mice 

Generally, alterations in body and organ weights of 
animals are considered to be indicators of animal toxicity. 
Therefore, the toxicity of CKJ was measured in CKJ 
treated mice based on body and organ weight. No 
significant alterations of body weight were observed in 
any of the CKJ-treated groups compared to the vehicle- 
treated group throughout the experimental period 
(Figure 1). Additionally, no changes in the brain, heart, 
liver, kidney, spleen, thymus, testis or ovary morphology 
or weight were observed in the vehicle-treated, low, 
medium, and high dosage CKJ-treated groups although 
lung weight was significantly decreased in groups 
treated with three different dosages of CKJ compared to 
the vehicle-treated group. Furthermore, no pathological 
signs were observed in any of the organs in all treatment 
groups (Table 2). These results suggest that CKJ 
treatment does not induce any toxic alterations on organ 
weights of ICR mice. 



Table 2. Alteration of organ weights of ICR mice 


Organs 


Vehicle — 




CKJ concentration 






Low 


Middle 


High 


Brain (g) 


0.47±0.04 


0.49±0.02 


0.48±0.02 


0.49±0.02 


Ovary (g) 


0.13±0.06 


0.14±0.06 


0.13±0.05 


0.13±0.05 


Testis (g) 


0.03±0.01 


0.03±0.01 


0.03±0.01 


0.02±0.01 


Kidney (g) 


0.26±0.08 


0.28±0.12 


0.27±0.08 


0.25±0.07 


Spleen (g) 


0.12±0.02 


0.15±0.03 


0.13±0.02 


0.13±0.01 


Liver (g) 


1.38±0.39 


1.34±0.35 


1.30±0.31 


1.31±0.31 


Thymus (g) 


0.08±002 


0.07±0.03 


0.08±0.01 


0.07±0.02 


Heart (g) 


0.18±0.04 


0.18±0.04 


0.17±0.03 


0.17±0.03 


Lung (g) 


0.40±0.05 


0.31±0.06* 


0.26±0.02* 


0.33±0.08* 



*P<0.05 indicates a significant difference compared to the vehicle-treated group. 
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Figure 2. Alteration of urine parameters. After final administration of CKJ, urine was collected from the bladder of ICR mice using a 
syringe and the levels of seven factors were then analyzed as described in the Materials and Methods. Data represent the 
means±SD from three replicates. *P<0.05 indicates a significant difference compared to the vehicle-treated group. 



Effects of CKJ on urine parameters 

The levels of seven urine factors were measured in 
ICR mice. Bilirubin, urobilinogen, protein, pH, specific 
gravity and leucocytes in urine showed no change in 
concentration in any groups although the level of 
ketones was significantly higher in the CKJ-treated 
group than the vehicle-treated group (Figure 2). These 
results indicate that CKJ did not exert any toxic 
alterations on urine toxic parameters of ICR mice. 

Effects of CKJ on liver toxicity in ICR mice 

To examine CKJ toxicity in liver organs of ICR mice, 
the levels of several enzymes related to liver metabolism 
were measured in blood serum. No increase in ALP, 
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AST, ALT, and LDH were observed in response to any 
doses of CKJ, although they did decrease slightly in 
some groups (Figure 3A). Additionally, evaluation of 
liver sections stained with H&E revealed no significant 
pathological features such as inflammation, necrosis, 
bilirubin accumulation, or iron deposition in any groups 
(Figure 3B). Therefore, these results suggest that CKJ 
treatment for short-term does not induce toxic effects in 
the livers of ICR mice. 

Effects of CKJ on kidney toxicity in ICR mice 

Kidney toxicity against CKJ treatment was investigated 
in ICR mice by serum biochemical and histological 
analyses. The level of BUN and Cr was not altered 
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Figure 3. Liver toxicity in ICR mice. After final CKJ administration, blood was collected from the abdominal veins of vehicle- and 
CKJ-treated mice and serum concentrations of ALP (Aa), AST (Ab), ALT (Ac), and LDH (Ad) were then analyzed as described in 
the Materials and Methods. (B) Liver tissue of ICR mice was prepared on a histological slide and the cellular morphology was 
viewed at 400x magnification. Data represent the means±SD from three replicates. *P<0.05 indicates a significant difference 
compared to the vehicle-treated group. 



significantly in any CKJ-treated group (Figure 4A). 
Furthermore, no specific pathological symptoms were 
detected in any of the CKJ-treated groups, and most 
kidney cells maintained their normal structures. 
Degeneration and necrosis of the glomerulus and renal 
tubes induced by toxicants and immunological factors 
were not observed in any region of the kidney, and no 
edema or swelling were observed in the renal tubes of 
kidney tissue (Figure 4B). These results suggest that 
short-term CKJ does not induce specific toxic effects in 
the kidneys of ICR mice. 



Discussion 

Traditionally, CKJ is prepared through femientation of 
steamed soybeans with B. subtilis at about 40°C over 
2 to 3 days, while doen-jang requires a much longer 
fermentation period under the same conditions [21]. 
Many suitable fennentative Bacillus species have recently 
been recovered from CKJ or CKJ-related products, and 
functional activities of soy foods fermented with 
Bacillus species may be associated with total contents 
and/or types of various components such as isoflavones 
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Figure 4. Kidney toxicity in ICR mice. After final CKJ administration, blood was collected from abdominal veins of vehicle- and CKJ- 
treated mice and serum concentrations of BUN (Aa) and Cr (Ab) were analyzed in duplicate as described in the Materials and 
Methods. (B) Cortex and medulla regions of kidney tissue of ICR mice were prepared on a histological section and the cellular 
morphology was viewed at 400x magnification. Data represent the means±SD from three replicates. *P<0.05 indicates a significant 
difference compared to the vehicle-treated group. 



[14,22,23]. To identify suitable fermentative bacteria, we 
prepared CKJ using B. subtilis MC31 and L. sakei 383. 
This product was found to have a higher concentration 
of GABA, which acts as a neurotransmitter, than 
traditional CKJ. However, the present study is the first 
investigation of whether CKJ induces toxicity in specific 
organs of ICR mice. 

Alteration of body and organ weight is considered a 
primary indicator of toxicity for various substances in 
the toxicological evaluation process [24]. Among several 
organs, the liver and kidney are considered major target 
organs since they contain the most enzymes and metabolic 
pathways for xenobiotic excretion [25]. A significant 
increase in liver weight can further progress to abnormal 
fat accumulation and obesity, as well as necrosis of liver 
cells [26-31]. However, no significant toxicity was 



observed in cells or animals treated with various types of 
soybean related products [15,16]. Three different doses 
of TE obtained from soybeans fermented with Aspergillus 
oryzae did not induce any significant effects on clinical 
signs, body weight, food consumption, urinalysis, 
hematology, blood chemistry, necropsy, organ weight or 
histology [15]. Furthermore, the water extract from 
doen-jang did not exhibit cytotoxicity or mutagenicity on 
Chinese hamster lung cells or Salmonella typhimurium 
strains [16]. In this study, no toxic alteration of organ 
weight was observed in any of the CKJ-treated groups 
although lung weight was decreased in CKJ-treated 
groups. These findings are mostly in agreement with the 
above reports. In addition, the lung toxicity has been 
induced by the complex mechanism including a direct 
cytotoxicity and an indirect immune response although 
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the exact causes are unknown [32]. The weight of this 
organ could be enhanced with the accumulation of lipid 
in lung cells during the immune response, while it could 
be decreased after contracting the some diseases including 
diaphragmatic hernia, dysostosis and hydrocephalus 
[33]. In our study, the decrease of lung weight was 
observed in all CKJ-treated groups compared with 
vehicle-treated group. However, it is not quite sure that 
this response has directly associated with CKJ toxicity, 
because any significant pathological symptoms were not 
detected in the lung tissue during necropsy as well as this 
response may be induced by a number of factors. 
Especially, some interesting evidences for this alteration 
were suggested by the previous study, which treatment 
with CKJ induced the reducing the number of eosinophils 
and monocytes in the lungs of mice and suppressed 
histoathological alterations including eosinophils infiltration, 
mucus accumulation, hyperplasia of goblet cells and 
deposition of collagen fiber [34]. 

Ketones (acetoacetate, 3-b-hydroxybutyrate and acetone) 
are majorly produced from fatty acid in the liver and 
used as an energy source when there is limited availability 
of carbohydrate or when carbohydrate cannot be used 
effectively [35]. Also, the levels of circulating ketones 
are very diverse in populations of normal individuals 
even after controlling for age and period of fasting [35]. 
This variation is presumably caused by differences in 
basal metabolic rate, hepatic glycogen stores as well as 
variations in the mobilization of amino acids from 
muscle proteins [36]. The level of ketone body ratio can 
also be markedly changed by abnormal food or nutrition, 
disorders of increased metabolism, acute or severe illness, 
burns, fever, hyperthyroidism, nursing a baby and pregnancy 
[35-39]. Especially, abnormal food or nutrition intake is 
mainly due to several factors including anorexia, fasting, 
high protein or low carbohydrate diets, starvation and 
vomiting over a long period of time [37]. Therefore, it 
is likely that the increase of ketone level observed in our 
study can be majorly attributed to the administration of 
abnormal food or nutrition because CKJ have contained 
higher protein than carbohydrate. However, we proposed 
that the detail mechanism should be investigated to 
determine if CKJ treatment are actually enhanced ketone 
body. 

Alteration of the level of four enzymes including ALT, 
AST, ALP and LDH is commonly used as a marker of 
altered liver toxicity and health. Among these enzymes, 
ALT is found in the serum as well as various tissues [30], 



while AST is found in the liver, heart, skeletal muscle, 
kidneys, brain, and red blood cells [29]. These two 
enzymes are released into the blood when liver cells are 
disrupted by various factors [29,30]. In this study, CKJ 
treatment did not induce any significant alteration on the 
level of these two enzymes. The level of ALP and LDH 
can be used to diagnose liver disease or bone disorders 
[31]. ALP activity increases under conditions of bile 
secretion disease, which include primary biliary cirrhosis 
as well as extra- and intra-hepatic cholestasis, while 
LDH is present in almost all animal tissues and up- 
regulated in response to cell damage [40,41]. In this 
study, we used these four factors to investigate CKJ 
toxicity toward the livers of mice. The results showed 
that CKJ did not have any toxic effects on liver tissue of 
CKJ-treated mice based on the serum levels of these 
enzyme indicators. Furthermore, non-toxicity of CKJ in 
mice suggested that CKJ did not contain any toxic 
compounds, although it contained various functional 
compounds including GABA, diadzein and genistein. 
Moreover, massive coagulative necrosis in the central 
vein as well as degenerative changes with fatty alteration 
of the necrotic border region can be induced by liver 
toxicants such as CC1 4 [40]; however, no such changes 
were observed in the present study. 

Kidney toxicity was also evaluated based on alteration 
of the serum levels of BUN and Cr, which are known to 
increase dramatically in response to kidney trauma and 
to show an increased ratio upon upper gastrointestinal 
tract bleeding, hemocytotripsis, inflammation, administration 
of certain drugs and fever [41,42]. In this study, we 
measured the levels of BUN and Cr after CKJ treatment 
to evaluate CKJ toxicity in the kidney and found that 
they were maintained at a constant level. Additionally, 
pathological alterations such as necrosis of the proximal 
tube in kidney tissue were observed in mice treated with 
paraquat (rr-dimetythyl-44'-bipyridyliumion) [43]; 
however, no such changes were observed in the present 
study. 

Taken together, these results demonstrate that CKJ 
prepared with coculture of B. subtilis MC3 1 and L. sakei 
383 did not have any specific effects on most 
toxicological factors of ICR mice and NOAEL of CKJ 
was established 100 mg/kg body weight/day. Furthermore, 
these data provide vital information regarding application 
of CKJ as a functional food with beneficial effects on 
several chronic diseases. 
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